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© This is a method for fabricating a structure use- 
ful in semiconductor circuitry. The method com- 
prises: growing a buffer layer of non-Pb/Bi-containr 
ing high-dielectric constant oxide layer directly or 
indirectly on a semiconductor substrate; and deposit- 
ing a Pb/Bi-containing high-dielectric constant oxide 
on the buffer layer. Alternately this may be a struc- 
ture useful in semiconductor circuitry, comprising: a 
buffer layer 26 of non-lead-containing high-dielectric 
constant oxide layer directly or indirectly on a semi- 
conductor substrate 10; and a lead-containing high- 
dielectric constant oxide 28 on the buffer layer. 
Preferably a germanium layer 12 is epitaxially grown 
on the semiconductor substrate and the buffer layer 
is grown on the germanium layer. When the sub- 
strate is silicon, the non-Pb/Bi-containing high-dielec- 
tric constant oxide layer is preferably less than about 
10 nm thick. A second non-Pb/Bi-containing high- 
dielectric constant oxide layer 30 may be grown on 
top of the Pb/Bi-containing high-dielectric constant 
oxide and a conducting layer (top electrode 32) may 
also be grown on the second non-Pb/Bi-containing 
high-dielectric constant oxide layer. 




Rank Xerox (UK) Business Services 



1 



EP 0 568 064 A2 



2 



BACKGROUND OF THE INVENTION 

An arrangement of layers with an oxide be- 
tween a conducting layers and another conductor 
or semiconductor is usable as a portion of many of s 
the structures used in semiconductor circuitry, 
such as capacitors, MOS transistors, pixels for light 
detecting arrays, and- electrooptic applications. 
High-dielectric oxide materials provide several ad- 
vantages (e.g. ferroelectric properties and/or size 10 
reduction of capacitors). Pb/Bi-containing high-di- 
electric materials are convenient because of their 
relative low annealing temperatures and, as they 
retain desirable properties in the small grains pre- 
ferred in thin films. 75 

The integration of non-Si02 based oxides di- 
rectly or indirectly on Si is difficult because of the 
strong reactivity of Si with oxygen. The deposition 
of non-Si02 oxides have generally resulted in the 
formation of a Si0 2 or silicate layer at the Si // 20 
oxide interface. This layer is generally amorphous 
and has a low dielectric constant. These properties 
degrade the usefulness of non-SiOs based oxides 
with Si. High-dielectric constant oxide (e.g. a fer- 
roelectric oxide) can have a large dielectric con- 25 
stant, a large spontaneous polarization, and a large 
electrooptic properties. Ferroelectrics with a large 
dielectric constant can be used to form high den- 
sity capacitors but can not deposited directly on Si 
because of the reaction of Si to form a low dielec- 30 
trie constant layer. Such capacitor dielectrics have 
been deposited on "inert" metals such as Pt, but 
even Pt or Pd must be separated from the Si with 
one or more conductive buffer layers. 

Putting the high dielectric material on a con- 35 
ductive layer (which is either directly on the semi- 
conductor or on an insulating layer which is on the 
semiconductor) has not solved the problem. Of the 
conductor or semiconductor materials previously 
suggested for use next to high dielectric materials 40 
in semiconductor circuitry, none of these materials 
provides for the epitaxial growth of high dieiectrical 
materials on a conductor or semiconductor. Fur- 
ther, the prior art materials generally either form a 
silicide which allows the diffusion of silicon into the 45 
high dielectric materials, or react with silicon or 
react with the high dielectric oxide to form low 
dielectric constant insulators. 

The large spontaneous polarization of fer- 
roelectrics when integrated directly on a semicon- 50 
ductor can also be used to form a non-volatile, 
non-destructive readout, field effect memory. This 
has been successfully done with non-oxide fer- 
roelectrics such as (Ba,Mg)F 2 but much less suc- 
cessfully done with oxide ferroelectrics because 55 
the formation of the low dielectric constant Si0 2 
layer acts to reduce the field within the oxide. The 
oxide can also either poison the Si device or create 



so many interface traps that the device will not 
operate properly. 

Ferroelectrics also have interesting electrooptic 
applications where epitaxial films are preferred in 
order to reduce loss due to scattering from grain 
boundaries and to align the oxide in order to maxi- 
mize its anisotropic properties. The epitaxial growth 
on Si or GaAs substrates has previously been 
accomplished by first growing a very stable oxide 
or fluoride on the Si or GaAs as a buffer layer prior 
to growing another type of oxide. The integration of 
oxides on GaAs is even harder than Si because the 
GaAs is unstable in 0 2 at the normal growth tem- 
peratures 450 C-700 C. 

SUMMARY OF THE INVENTION 

While Pb/Bi-containing high-dielectric materials 
are convenient because of their relative low anneal- 
ing temperatures and their desirable properties in 
the small grains, Pb and Bi are very reactive and 
have been observed to diffuse into and through 
metals such as Pd or Pt. 

A Ge buffer layer on Si oxidizes much less 
readily and can be used to prevent or minimize the 
formation of the low dielectric constant layer. An 
epitaxial Ge layer on Si provides a good buffer 
layer which is compatible with Si and also many 
oxides. Unlike other buffer layers, Ge is a semicon- 
ductor (it can also be doped to provide a reason- 
ably highly conductive layer) and is compatible 
with Si process technology. The epitaxial growth of 
Ge on top of the ferroelectric or high-dielectric 
constant oxide is also much easier than Si which 
makes it possible to form three dimensional epitax- 
ial structures. The Ge buffer layer can be epitax- 
iaily grown on the Si substrate allowing the high 
dielectric constant oxide to be epitaxially grown on 
the Ge and hence epitaxially aligned to the Si 
substrate. The epitaxial Ge layer allows ferroelec- 
trics to be directly grown on Si wafers to form non- 
volatile non-destructive read out memory cells. The 
Ge buffer layer will also increase the capacitance 
of large dielectric constant oxide films compared to 
films grown directly on Si. A Ge buffer layer on the 
Si or GaAs substrate allows many more oxides to 
be epitaxially grown on it because of the much 
smaller chemical reactivity of Ge with oxygen com- 
pared to Si or GaAs with oxygen. 

However, not all oxides are stable next to Ge. 
For example, all ferroelectrics containing Pb such 
as Pb(Ti,Zr)0 3 (PZT) are not thermodynamically 
stable next to Ge (since PbO is not stable). A thin 
layer of SrTi0 3 or other stable ferroelectric can, 
however, be used as a buffer layer between the Pb 
containing ferroelectric and the Ge coated Si sub- 
strate. The SrTi0 3 not only acts as a chemical 
barrier, but also nucleates the desired perovskite 
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structure (instead of the undesirable pyrochlore 
structure). 

As noted, the integration of oxides on GaAs is 
even harder than Si because the GaAs is unstable 
in O2 at the normal growth temperatures of high- 
dielectric constant oxide (450 C-700 C). An epitax- 
ial Ge and non-Pb/Bi-containing high-dielectric ma- 
terial buffer layers solves this problem and simpli- 
fies the integration of Pb/Bi-containing ferroelectrics 
on GaAs for the same applications as listed above. 

This is a method for fabricating a structure 
useful in semiconductor circuitry. The method com- 
prises: growing a buffer layer of non-Pb/Bi-contain- 
ing high-dielectric constant oxide layer directly or 
indirectly on a semiconductor substrte; and depos- 
iting a Pb/Bi-containing high-dielectric constant ox- 
ide on the buffer layer. 

^Preferably a germanium layer is epitaxially 
grown on the semiconductor substrate and the 
buffer layer is grown on the germanium layer. The 
non-Pb/Bi-containing high-dielectric constant oxide 
layer is preferably less than about 10 nm thick. 

A second non-Pb/Bi-containing high-dielectric 
constant oxide layer may be grown on top of the 
Pb/Bi-containing high-dielectric constant oxide and 
a conducting layer may also be grown on the 
second non-Pb/Bi-containing high-dielectric con- 
stant oxide layer. 

Preferably both the high-dielectric constant ox- 
ides are ferroelectric oxides and/or titanates, the 
non-Pb/Bi-containing high-dielectric constant oxide 
is bariun strontium titanate, and the Pb/Bi-contain- 
ing high-dielectric constant oxide is lead zirconate 
titanate. Both the non-Pb/Bi-containing high-dielec- 
tric constant oxide and the Pb/Bi-containing high- 
dielectric constant oxide may be epitaxially grown. 

Alternately this may be a structure useful in 
semiconductor circuitry, comprising: a buffer layer 
of non-Pb/Bi-containing high-dielectric constant ox- 
ide layer directly or indirectly on a semiconductor 
substrate; and a Pb/Bi-containing high-dielectric 
constant oxide on the buffer layer. When the sub- 
strate is silicon, a germanium layer, preferably less 
than about 1 nm thick is preferably used on the 
silicon. Both the non-Pb/Bi-containing high-dielec- 
tric constant oxide and the Pb/Bi-containing high- 
dielectric constant oxide may be single-crystal. A 
second non-Pb/Bi-containing high-dielectric con- 
stant oxide layer may be used on top of the Pb/Bi- 
containing high-dielectric constant oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features of the present invention will 
become apparent from a description of the fabrica- 
tion process and structure thereof, taken in con- 
junction with the accompanying drawings, in which: 



FIGURE 1 shows a cross-section of one em- 
bodiment of a multi-layer structure using a BST 
buffer layer; 

FIGURE 2 shows a cross-section of an alternate 
5 embodiment of a multi-layer structure using a 
BaZr03 (BZ) buffer layer; and 
FIGURE 3 shows a cross-section of an embodi- 
ment of a multi-layer structure using a second 
buffer layer and a top electrode. 

70 

DETAILED DESCRIPTION OF THE INVENTION 

As noted, Pb/Bi-containing high-dielectric ma- 
terials are convenient but Pb and Bi are very 

75 reactive and diffuse into and through even noble 
metals and growth of oxides on Si generally results 
in the oxidation of th£ Si and the formation of S1Q2 
or a silicate layer. Further, this S1O2 layer prevents 
the epitaxy of the deposited oxide and has a low 

20 dielectric constant and the integration of ferroelec- 
trics and other large dielectric constant materials 
directly on Si is degraded by the formation of the 
low dielectric constant Si0 2 layer (on metal). Also 
as noted, putting the high dielectric material on a 

25 metallic layer (which is either directly on the semi- 
conductor or on an insulating layer which is on the 
semiconductor) has not solved the problem with 
PbBi diffusion. The diffusion of lead or bismuth 
from ferroelectrics such as Pb(Ti,Zr)0 (PZT) into 

30 an adjacent metal can, however, be controlled by a 
thin layer of SrTi03 or other stable high-dielectric 
oxide used as a buffer layer between the Pb/Bi 
containing ferroelectric and the metallic layer or the 
Si substrate. 

35 Preferably a Ge buffer layer is used between 

high-dielectric oxides and Si or metal reduces the 
reactivity at the surface and in general enhances 
the epitaxy and at least reduces the reaction layer 
between the deposited oxide and the substrate. 

40 The epitaxial growth of Ge on Si is compatible with 
current Si process technology. The main difficulty 
with Ge on Si is the 4% lattice mismatch which 
results in misfit dislocation on Ge films thicker than 
1 nm. On silicon, the Ge layer is preferably very 

45 thin to avoid the misfit dislocations (however a 
thicker layer may be used for some devices if that 
is not detrimental to the performance of the device 
in question). In still other embodiments, poly- 
crystalline Ge may be formed over polycrystalline 

50 Si (thus using the Ge as a chemical buffer layer 
between a deposited oxide and the Si substrate). 
Depending on the application the choice of materi- 
als may be very different. For large density capaci- 
tors, currently the best linear dielectric appears to 

55 be (Ba^SrxJTlOafBST). BaTi0 3 (BT) or SrTiOa - 
(ST) when deposited directly on Si forms a low 
dielectric constant layer, and thus BT and ST are 
not thermodynamically stable next to Si. Ge, how- 
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ever, has a much smaller free energy of oxidation 
and BT and ST are thermodynamically stable next 
to Ge. It is also possible to deposit BT and ST in a 
H2 + O2 gas mixture such that Ge is stable and 
also- BT or .ST is stable while GeC>2 is not stable. 5 

As noted above, not all oxides are stable next 
to Ge. For example, all ferroelectrics containing Pb 
such as Pb(Ti,Zr)0 (PZT) are much less stable 
next to Ge (since PbO is not stable). A thin layer of 
SrTi03 or other stable ferroelectric can, however, 10 
be used as a buffer layer between the Pb contain- 
ing ferroelectric and the Ge coated Si substrate. 
The SrTi03 not only acts as a chemical barrier, but 
also nucleates the desired perovskite structure 
(instead of the undesirable pyrochlore structure). 75 

There has been little investigation of the use of 
a second ferroelectric layer as a chemical buffer 
layer. Others have deposited a thin layer of PbTi0 3 
or (Pb,La)Ti0 3 prior to the deposition of PZT in 
order to help nucleate the perovskite structure and 20 
avoid the formation of pyrochlore, but apparently 
have not used the depositing of a stable ferroelec- 
tric buffer layer to act as a diffusion barrier. 

SrTiOs (STO) or BaTiOa (BT), for example, can 
be used as a buffer layer between Pt and PZT. The 25 
ST or BT improve the properties for several rea- 
sons. The first is that Pb is very reactive and it has 
been observed to diffuse into and through Pt. ST or 
BT is much less reactive and forms a good diffu- 
sion barrier to Pb. Because ST has the same 30 
perovskite structure, the Pb will slowly react with 
the ST and form (Pb,Sr)Ti0 3 . This reaction is be- 
lieved to be by bulk diffusion which is fairly slow. 
The ST will also act as a nucleation layer for the 
perovskite structure of PZT. ST also has a very low 35 
leakage current and a thin layer tends to improve 
the leakage properties of the PZT. Such a buffer 
layer needs to be structurally compatible with the 
ferroelectric (perovskite structure for PZT), and 
chemically compatible with both layers. Materials 40 
like BaZr0 3 (BZ) satisfy these requirements for 
PZT. In addition, the buffer layer must not signifi- 
cantly degrade the electrical properties. ST, BST, 
and BT have large dielectric constants which helps 
share the electric field and hence are preferred to 45 
materials with a somewhat lower dielectric constant 
(like BZ). What matters is the properties after the 
deposition of the second (lead-containing) ferro- 
electric layer. This deposition can change the prop- 
erties of the buffer layer. 50 

It is also important to avoid problems between 
the non-lead-containing high-dielectric material and 
the substrate. An epitaxial Ge buffer layer was 
used in experiments on a (100) Si substrate to 
deposit epitaxial BST. Without the Ge buffer layer, 55 
the BST was randomly oriented polycrystalline. 
With the Ge buffer layer, most of the BST has the 
following orientation relationship (110) BST 8 (100) 



Si. This showed that the Ge buffer layer has pre- 
vented the formation of a low dielectric layer at the 
interface prior to epitaxy since that layer would 
prevent epitaxy. 

The deposition of a ferroelectric directly on a 
semiconductor has been used by others to create a 
non-volatile nondestructive readout memory. This 
device is basically a MOS transistor where the 
Si02 has been replaced with a ferroelectric (metal- 
ferroelectric-semiconductor or MFS). One memory 
cell consists of a MFS transistor and a standard 
MOS transistor. This type of memory has many 
advantages including very fast read / write as well 
having nearly the same density as a standard 
DRAM cell. The remnant polarization in the fer- 
roelectric can be used induce a field into the semi- 
conductor and hence tbe device is non-volatile and 
non-destructive. This device has been successfully 
made by others using a (Ba,Mg)F2 ferroelectric 
layer epitaxially grown by MBE on the Si substrate. 
Oxide perovskites such as PZT have also been 
studied for non- volatile memories but these materi- 
als can not be deposited directly on Si without 
reacting with the Si. A Ge buffer layer will allow 
many stable ferroelectrics, such as BaTiOs, to be 
used in a RAM. A second buffer layer of SrTiOs or 
some other stable ferroelectric should allow even 
most chemically reactive ferroelectric oxides to be 
used to try to form a RAM. The Ge buffer layer 
would also allow this type of memory to be fab- 
ricated on GaAs and other lll-V compounds in 
addition to Si. It also might be possible to fabricate 
a thin-film MFS transistor by depositing the Ge on 
top of the ferroelectric. The ferroelectric might be 
epitaxial on the GaAs or Si substrate or it might be 
polycrystalline. The compatibility of Ge with a sta- 
ble ferroelectric buffer layer allows this structure to 
be manufactured, including with a lead-containing 
high-dieclectric material. 

In FIGURE 1 there is shown one preferred 
embodiment (in all figures, an arrangement of lay- 
ers is shown which is usable as a portion of many 
structures used in semiconductor circuitry, such as 
capacitors, MOS transistors, pixels for light detect- 
ing arrays, and electrooptic applications. FIGURE 1 
shows a semiconductor substrate 10, on which a 
doped polycrystalline germanium layer 12 has 
been deposited (the germanium can be highly dop- 
ed to provide a highly conductive layer). The ger- 
manium can be polycrystalline or single-crystal. A 
ferroelectric barium strontium titanate layer 14 
(which also can be polycrystalline or single-cry- 
stal) is deposited on the germanium layer, and a 
lead zirconium titanate layer 16 is deposited atop 
the barium strontium titanate 14. As noted, such an 
arrangement of layers is usable in many semicon- 
ductor structures and the ferroelectric or high di- 
electric properties of a non-lead-contarning buffer 
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layer such as barium strontium titanate provides 
advantageous properties over most other insulating 
materials. 

While optimum properties of non-lead-contain- 
ing high dielectric materials are not generally ob- 
tained without a relatively high temperature anneal 
and are not generally obtained in submicron sized 
grains, the fine grained material without a high 
temperature anneal, still has material properties 
substantially superior to alternate materials. Thus 
while barium strontium titanate with a high tem- 
perature anneal and with grain size of 2 microns or 
more, generally has a dielectric constant of greater 
than 10,000, a fine grained low temperature an- 
nealed baroium strontium titanate might have a 
dielectric constant of 200-500. Thus, when used as 
a buffer, layer for lead zirconium titanate (with a 
similar grain size and firing temperature, might 
have a dielectric constant of 800-1,000), such that 
the composite film dielectric constant lowered only 
slightly from the dielectric constant of the lead 
zirconium titanate. Thus, a composite dielectric is 
provided which provides good dielectric constants 
with fine grained and relatively low fired material. 

FIGURE 2 shows an alternate embodiment, uti- 
lizing a gallium arsenide substrate 18 with a 
platinum-titanium-gold layer 20 and a BaZr03 buff- 
er layer 22 (again note that such a barium zir- 
conate layer provides a somewhat lower dielectric 
constant, but this is less of a problem in very thin 
layers). In FIGURE 2, the top layer is (Pb,La)Ti03. 

While top electrodes can be applied directly 
over the lead-containing high dielectric material, (as 
lead migration into the top electrode does not 
cause the very serious problems caused by lead 
diffusing into a semiconductor substrate), a top 
buffer layer is preferred between the lead contain- 
ing high dielectric material and the top electrode. 
FIGURE 3 illustrates such an arrangement A ger- 
manium layer 12 is utilized on top of the silicon 
substrate 10, with a SrHfT103 layer 26 on top of the 
germanium layer 12. A BUH3O12 layer 28 is on the 
SrHfTi03 layer 26 and a top buffer layer of BaSr- 
TiOs 30 is on top of the BUT13O12 28 . A titanium 
tungsten top electrode 32 is then deposited atop 
the second buffer layer 26. To provide a structure 
which is even more stable, a second germanium 
layer (not shown) could be inserted between the 
BaSrTi03 30 and the titanium tungsten top elec- 
trode 32. 

The use of a second germanium layer allows 
the usage of a wider variety of conductors for the 
top electrode and allows higher temperature pro- 
cessing during and after the deposition of the top 
electrode, as the germanium generally prevents 
reaction between the top electrode material and the 
ferroelectric material. 



While a number of . materials have been pre- 
viously been suggested for use next to high dielec- 
tric materials (such as barium strontium titanate or 
lead zirconium titanate), none of these materials 
5 provides for the epitaxial growth of high dielectrical 
materials on a conductor or semiconductor. Fur- 
ther, the prior art materials generally either form a 
silicide (e.g. of palladium, platinum or titanium) 
which allows the diffusion of silicon into the high 

70 dielectric materials , or react with silicon (e.g. tin 
dioxide) or react with the high dielectric oxide to 
form low dielectric constant insulators (e.g. titanium 
monoxide or tantalum pentoxide). Thus the prior art 
conductive materials suggested for interfacing with 

75 high dielectric constant oxides with semiconductors 
either have reacted with the high dielectric constant 
oxides or with" the semiconductor and/or metal have 
not provided a diffusion barrier between the high 
dielectric constant oxides and semiconductor ma- 

20 terial. At the annealing temperatures necessary to 
produce good quality high dielectric constant oxide 
material, such reactions generally form low dielec- 
tric constant insulators, which being in series with 
the high dielectric constant oxide material, dramati- 

25 cally lowers the effective dielectric constant. Only 
germanium (doped or undoped) gives a conductor 
or semiconductor which reacts neither with the 
semiconductor substrate nor the high dielectric 
constant oxide at the required annealling tempera- 

30 tures, and only germanium provides for epitaxial 
growth of a conductive or semiconductive material 
on a semiconductor substrate, in a matter compati- 
ble with growing and annealing of a high dielectric 
constant oxide in a non-reactive manner, such that 

35 a metal oxide metal or metal oxide semiconductor 
structure can be fabricated without the effective 
dielectric constant being significantly lowered by a 
low dielectric constant material between the high 
dielectric constant material and the underlying con- 

40 ductor or semiconductor. Even using germanium, 
however, does not completely eliminate problems 
with the Pb/Bi diffusion, and thus a non-Pb/Bi high- 
dielectric oxide containing buffer layer is still need- 
ed. 

45 Since various modifications of the semiconduc- 

tor (e.g. silicon or gallium arsenide) structure, and 
the methods of fabrication thereof, are undoubtedly 
possible by those skilled in the art without depart- 
ing from the scope of the invention, the detailed 

so description is thus to be considered illustrative and 
not restrictive of the invention as claimed herein- 
below. For example, much of the discussion has 
generally used the term "ferroelectric" materials, 
however, the invention is generally applicable to 

55 any" "high-dielectric constant oxide" and, while 
many are ferroelectric titanates, some such materi- 
als are not ferroelectric and some not titanates. The 
term "high-dielectric constant oxides" as used 
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herein is to mean oxides with dielectric constants 
of greater than 100, and preferably greater than 
1,000 (barium strontium titanate can have dielectric 
constants greater than 10,000). Many such non- 
Pb/Bi oxides can be considered to be based on 5 
BaTi03 and includes oxides of the general formula 
(Ba,Sr,Ca)(Ti,Zr,Hf)0 3 . Many other oxides of the 
general formula (K,Na,Li)(Ta,Nb)03 will also work. 
Pb/Bi oxides, for the purpose of this invention, 
generally include perovskites whose component ro 
oxides are thermodynamically unstable next to ger- 
manium metal and non-Pb/Bi high-dielectric oxides 
for these purposes generally include perovskites 
whose component oxides are thermodynamically 
stable next to germanium metal (even if a germa- 75 
nium layer is not used). Pb/Bi oxides include ma- 
terials such as (Pb,La)ZrTi0 3 or (Pb,Mg)Nb0 3 or 
BUT13O12. All these oxides can also be doped with 
acceptors such as Al, Mg, Mn, or Na, or doners 
such as La, Nb, or P. Other semiconductors can 20 
also be used in addition to silicon and gallium 
arsenide. 

Claims 

25 

1. A method for fabricating a structure useful in 
semiconductor circuitry, comprising: 

growing a buffer layer of non-Pb/Bi-con- 
taining high-dielectric constant oxide layer di- 
rectly or indirectly on a semiconductor sub- 30 
strate; and 

depositing a Pb/Bi-containing high-dielec- 
tric constant oxide on said buffer layer. 

2. The method of claim 1, wherein a germanium 35 
layer is epitaxially grown directly or indirectly 

on said semiconductor substrate and said buff- 
er layer is grown on said germanium layer. 

3. The method of claim 1, wherein said substrate 40 
is silicon. 

4. The method of claim 1, wherein said non- 
Pb/Bi-containing high-dielectric constant oxide 
layer is less than about 10 nm thick. 45 

5. The method of claim 1 , wherein said substrate 
is gallium arsinide. 

6. The method of claim 1 , wherein a second non- 50 
Pb/Bi-containing high-dielectric constant oxide 
layer is grown on top of said Pb/Bi-containing 
high-dielectric constant oxide. 

7. The method of claim 6, wherein a conducting 55 
layer is grown on said second non-Pb/Bi-con- 
taining high-dielectric constant oxide layer. 



8. The method of claim 1, wherein both said 
high-dielectric constant oxides are titanates. 

9. The method of claim 8, wherein said non- 
Pb/Bi-containing high-dielectric constant oxide 
is bariun strontium titanate. 

10. The method of claim 1, wherein said Pb/Bi- 
containing high-dielectric constant oxide is 
lead zirconate titanate. 

11. The method of claim 1, wherein both said 
high-dielectric constant oxides are ferroelectric 
oxides. 

12. The method of claim 1, wherein both said non-' 
Pb/Bi-contaihing high-dielectric constant oxide 
epitaxially grown. 

13. The method of claim 12, wherein both said 
Pb/Bi-containing high-dielectric constant oxide 
are epitaxially grown. 

14. A structure useful in semiconductor circuitry, 
comprising: 

a buffer layer of non-Pb/Bi-containing high- 
dielectric constant oxide layer directly or in- 
directly on a semiconductor substrate; and 

a Pb/Bi-containing high-dielectric constant 
oxide on said buffer layer. 

15. The structure of claim 14, wherein said sub- 
strate is silicon. 

16. The structure of claim 15, wherein a germa- 
nium layer is less than about 1 nm thick is on 
said silicon. 

17. The structure of claim 16, wherein said non- 
Pb/Bi-containing high-dielectric constant oxide 
is single-crystal. 

18. The structure of claim 17, wherein said Pb/Bi- 
containing high-dielectric constant oxide is 
single-crystal. 

19. The structure of claim 14, wherein said sub- 
strate is gallium arsinide. 

20. The Structure of claim 14, wherein a second 
non-Pb/Bi-containing high-dielectric constant 
oxide layer is on top of said Pb/Bi-containing 
high-dielectric constant oxide. 

21. The method of claim 2, wherein said germa- 
nium layer is grown on a non-single crystal 
silicon dioxide, a silicon nitride, or silicon 
dioxide/silicon nitride layer and said non-single 
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crystal layer is directly or indirectly on said 
semiconductor substrate. 

22. The structure of claim 14, wherein a germa- 
" nium layer is grown on a non-single crystal 

silicon dioxide, a silicon nitride, or silicon 
dioxide/silicon nitride layer and said non-single 
crystal layer is directly or indirectly on said 
semiconductor substrate. 

23. The method of claim 1, wherein a metal layer 
is deposited directly or indirectly on said semi- 
conductor substrate and said buffer layer is 
grown on said metal layer. 
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0 This is a method for fabricating a structure use- 
ful in semiconductor circuitry. The method com- 
prises: growing a buffer layer of non-Pb/Bi-contain- 
ing high-dielectric constant oxide layer directly or 
indirectly on a semiconductor substrate; and deposit- 
ing a Pb/Bi-containing high-dielectric constant oxide 
on the buffer layer. Alternately this may be a struc- 
ture useful in semiconductor circuitry, comprising: a 
buffer layer 26 of non-lead-containing high-dielectric 
constant oxide layer directly or indirectly on a semi- 
conductor substrate 10; and a lead-containing high- 
dielectric constant oxide 28 on the buffer layer. 
Preferably a germanium layer 12 is epitaxially grown 
on the semiconductor substrate and the buffer layer 
is grown on the germanium layer. When the sub- 
strate is silicon, the non-Pb/Bi-containing high-dielec- 
tric constant oxide layer is preferably less than about 
10 nm thick. A second non-Pb/Bi-containing high- 
dielectric constant oxide layer 30 may be-grown-on 
top of the Pb/Bi-containing high-dielectric constant 
oxide and a conducting layer (top electrode 32) may 
also be grown on the second non-Pb/Bi-containing 
high-dielectric constant oxide layer. 
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